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YIELD ISOPLETHS OF TILAPIA ESCULENTA GRAHAM 1928 IN
LAKE VICTORIA AND TILAPIA NILOTICA (LINNAEUS) 1757 IN
LAKE ALBERT
ABSTRACT
The yield equation given by BEVERTON and HOLT (1957) has several
parameters which are difficult to estimate for tropical freshwater fish species.
Nevertheless, some simplifying assumptions can be made and the most
relevant parameters used to enable the construction of yield isopleths.
Tilapia escu[enfa has the following parameters: maximum length (L
00=33.8 c.m. growth rate (K) = 0.32, natural mortality rate (M)=
0.17 and the length at maturity (1 m)=22 em. The optimum yield is
obtained by catching the fish at a length of first capture of 26 em and a
fishing mortality rate of 0.5.
Tilapia nilotica with L 00=49 em, 1 m=36 cm, K=0.50 and M
= 0.30 gives optimum yield when caught at a length of first capture of
35-36 cm with a fishing mortality rate of 0.5-0.6.
The stun.ed TiJapia nilotica of Lake Albert' has L GO=17 em, K=
2.77,1 m=12 cm and M=3.37. With such a very high. natural mortality,
maximum yields would be obtained hy using a length of first capture less
than 9 em and a fishing mortality rate exceeding 1.8..
GARROD (1959, 1963) estimated the age,
natural mortality rate, the growth rate and
maximum length (L 00 • for T. esculenfa.
These estimates have been used in deter-
mining yields for T. esculenta. ILES (MS)
gives estimates of natural mortality. K and
L 00 for the stunted and normal T. nilotica
in Lake Albert. The ages used in calculating
the relative yields for T. nilotica have been
determined us-jng the Von Bertalanfly growth
equation.
Though the calculated yields are in rela-
tive units, they are very useful in formulat-
ing a programme for harvesting on a maxi-
mum sustained yield basis. The area of
maximum yield and the length of first
INTRODUCTION
A review of liteoature on tropical fresh-
water fisheries suggests the need for simpli-
fying the theoretical yield models used in
fisheries management. Realistic models in-
troduce complexity that require more and
more basic data. In the circumstances of
some of the African freshwater fisheries, it
may obviously be difficult to meet the data
requirements of modern management models.
It is, therefore, desirable to focus atten-
tion on the growth rate (K), the mortality
rate and the maximum weight (Woo) or
maximum length (Loo) to which a fish grows.
These vital parameters are essential in the
determination of yields.
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( 4 )
c a p t u r e t h a t g i v e s t h e h i g h e s t y i e l d a r e
s h o w n .
T h e c a l c u l a t i o n o f r e l a t i v e y i e l d s a n d t h e
c o n s t r u c t i o n o f y i e l d i s o p l e t h s w a s d n n e a t
t h e C o m p u t e r C e n t r e o f t h e U n i v e r s i t y o f
B r i t i s h C o l u m b i a , C a n a d a , w i t h a n I B M 3 6 0 .
B E V E R T O N A N D H O L T Y I E L D
E Q U A T I O N
B E V E R T O N a n d H O L T ( 1 9 5 7 ) d e r i v e d
a y i e l d e q u a t i o n u s i n g t h e V o n B e r t a l a n f f y
g r o w t h e q u a t i o n f o r l e n g t h
I t ~ l a ) [ I - e - K ( t - t o ) ] ( I )
w h e r e I t i s t h e l e n g t h a t a g e t , K i s t h e
g r o w t h r a t e a n d t o i s t h e a g e a t w h i c h t h e
l e n g t h o f a f i s h i s t h e o r e t i c a l l y z e r o .
B E V E R T O N a n d H O L T ( 1 9 5 7 ) a s s u m e d
i s o m e t r i c g r o w t h a n d e x p r e s s e d w e i g h t i n
t e r m s o f c u b i c e x p r e s s i o n o f l e n g t h .
W
t
= W a ) [ I - e - K ( t - t o ) ] 3 ( 2 )
w h i c h wh~n e x p a n d e d a n d r e a r r a n g e d c a n
b e w r i t t e n a s a s u m m a t i o n
3
W = W a ) : E U e - n k ( t - t
o
) ( 3 )
t . n
n~O
w h e r e U = 1 . 0 , - 3 . 0 , 3 . 0 , - 1 . 0 f o r n c ' 0 ,
t , 2 , 3 , r e s p e c t i v e l y .
W e d i v i d e t h e l i f e o f a f i s h i n t o t w o p r i n c i -
p a l p e r i o d s . O n e c o v e r s r e c r u i t m e n t t o t h e
f i s h i n g g r o u n d s a n d e x t e n d s f r o m t i T l l e t
r
t o
t o ' T h e o t h e r i n c l u d e s t h e f i s h a b l e l i f e s p a n
f r o m t i m e t
c
t o t
L
, w h e n t h e f i s h e i t h e r d i e s
o r r e a c h e s a s i z e o u t s i d e t h e s e l e c t i o n r a n g e
o f c o m m e r c i a l g e a r . T h r o u g h o " t b o t h p e r i o d s
n a t u r a l m o r t a l i t y , M , o p e r a t e s a n d d e c r e a s e
t h e o r i g i n a l n u m b e r o f r e c r u i t s . R . i n a n
e x p o n e n t i a l m a n n e r . T h e n u m b e r o f r e c r u i t s
i s f u r t h e r r e d u c e d b y t h e v a r i a b l e f i s h i n g
m o r t a l i t y , F . T h e a g e a t r e c r u i t m e n t i s
t
r o
t h e a g e a t f i r s t c a p t u r e i s t
c
a n d t h e
m a x i m u m f i s h a b l e a g e i s t
L
.
T h e t o t a l y i e l d i n w e i g h t f r o m a y e a r
c l a s s i s g i v e n b y t h e i n t e g r a l
t
L
Y = J F N t W t . d t
t ,
T h e a b o v e i n t e g r a l l e a d s t o t h e B E V E R T O N
a n d H O L T y i e l d e q u a t i o n .
- M ( t - t ) J U e - n K ( t , - t
o
)
y ~ F R W a ) e " 1 : ; o ; - " n - - : - c ; - c - - - ; - - -
n~oF-J-M+nk
. [ I _ e - ( Z - n K ) ( t L - t , ) ] ( 5 )
S l n c e i t i s d i f f i c u l t t o a g e t r o p i c a l f i s h
s p e c i e s , t h e a g e s i n e q u a t i o n ( 5 ) a r e n o t
e x p l i c i t l y k n o w n . B u t w e c a n e s t i m a t e K
f r o m t a g g i n g d a t a a n d u s e l e n g t h d a t a t o
d e t e r m i n e a g e
t ~ ] I K [ - I n ( I - l t / l a ) ) ] + t o ( 6 )
•
T i l a p i a e s c u l e n t a i n L a k e V i c t o r i a
T . e s c u l e n t a i n L a k e V i c t o r i a l i v e s f o r 1 2
r i n g y e a r s , e q u i v a l e n t t o 6 c a l e n d a r y e a r s
( G A R R O D 1 9 6 3 ) . G A R R O D ( 1 9 5 9 , 1 9 6 3 )
g i v e , t h e f o l l o w i n g p a r r a m e n t e r s f o r T .
e s c u l e n t a : L O C J = 3 3 . 8 e m , K = 0 . 3 2 ,
t o ~ - 0 . 8 a n d M = 0 . 1 7 . I n t h e c a l c u l a t i o n
o f r e l a t i v e y i e l d s , t h e m a x i m u m w e i g h t
( W a ) ) w a s t a k e n a s 7 3 0 g m a n d t h e a g e
o f r e c r u i t m e n t e r w a s t a k e n a s z e r o .
S e t t i n g t
r
a s z e r o i s a m a H e r o f c o m p u t a -
t i o m J l c o n v e n i e n c e a n d t h i s i s b a s e d o r , p r i o r
i n f o r m a t i o n t h a t 1 , d o e s u o t i n f l u e n c e t h e
s h a p e o f t h e y i e l d c u r v e s b u t o n l y r e d u c e s
t h e v a l u e o f y i e l d . T h e y i e l d i s o p l e t h s f o r
T . e s c l l / f ' n t Q a r e g i v e n i n F i g . 1 .
T h e y i e l d i s o p l e t h s h a v e a s t e e p g r a d i e n t
o f r e s p o n s e s u r f a c e f o r f i s h i n g m o r t a l i t y
r a t e s l e s s t h a n 0 . 3 . T h e s e i s o p l e t h s c o n f o r m
t o t h e u s u a l p a t t e r n w i t h m a x i m u m y i e l d
b e i n g a t t a i n e d a t a h i g h e r a g e o r l e n g t h o f
f i r s t c a p t u r e . F i g . 1 s h o w s t h a t t h e h i g h e s t
y i e l d w o u l d b e o b t a i n e d i f t h e l e n g t h o f
f i r s t c a p t u r e i s s e t a t 2 8 e r n . B u t t h i s l e n g t h
o f f i r s t c a p t u r e w o u l d r e q u i r e a h i g h f i s h i n g
m o r t a l i t y r a t e o f 2 . 5 5 t o g i v e a m a x i m u m
y i e l d o f 1 8 6 . 6 6 g m p e r r e c r u i t . T h e U s e o f
s u c h a h i g h f i s h i n g i n t e n s i t y w o u l d g i v e
p r o f i t s l e s s t h a n t h o s e m a d e w i t h a b e t t e r
;
a
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a d j u s t e d f i s h i n g a c t i v i t y . I f t h e l e n g t h a t
f i r s t c a p t u r e i s s e t t o b e l e s s t h a n t h e l e n g t h
a t m a t u r i t y ( 2 2 c m ) , n o m a x i m u m s u s t a i n e d
y i e l d i s o b t a i n e d . A l e n g t h a t f i r s t c a p t u r e
o f 2 6 c m a n d a f i s h i n g m o r t a l i t y r a t e o f 0 . 5
a r e n e c e s s a r y c o n s t r a i n t s f o r o b t a i n i n g o p t i -
m u m y i e l d .
T i t a p i a n i t a t i c a i n L a k e A l b e r t :
T . n i l a / i c a i n L a k e A l b e r t f o r m s t w o s u b ·
p o p u l a t i o n s , a s t u n t e d p o p u l a t i o n i n t h e
B u h u k u l a g o o n a n d a n o r m a l p o p u l a t i o n i n
t h e o p e n l a k e . T h e n o r m a l p o p u l a t i o n h a s
t h e f o l l o w i n g p a r a m e t e , , : L a c = 4 9 C O l .
K = 0 . 5 0 , t h e l e n g t h a t m a t u r i t y I m = 3 6 c m
a n d a n a t u r a l m o r t a l i t y r a t e M = 0 . 3 0 ( I L E S ,
M S ) . F o r t h e p u r p o s e o f c a l c u l a t i n g r e l a t i v e
y i e l d s a n d c o n s t r u c t i n g y i e l d i s o p l e t h s f o r
T . n i t a / i c a ( w i t h n o r m a l g r o w t h ) , W a c i s
t a k e n a s 1 , 0 0 0 g m . T h e r e l a t i v e y i e l d s o f
T . n i l a t i e a ( w i t h n o r m a l g r o w t h ) a r e g i v e n
i n F i g . 2 .
A t a l o w f i s h i n g i n t e n s i t y , F = O . I , t h e
g r e a t e s t y i e l d i s o b t a i n e d b y c a t c h i n g T .
n i l o t i c a a t 2 4 e m . S i n c e T . n i l o t f c a i s i m -
m a t u r e a t 2 4 e m , h a r v e s t i n g a t t h i s s i z e
w o u l d r e s u l t i n o v e r f i s h i n g . B e s i d e s t h e r e l a ·
t i v e y i e l d w o u l d b e v e r y s m a l l ( 7 6 . 3 7 g m
p e r r e c r u i t ) . I f w e r a i s e t h e l e n g t h a t f i r s t
c a p t u r e t o 3 4 c m , a f i s h i n g m o r t a l i t y r a t e
o f 0 . 4 w o u l d b e r e q u i r e d t o g i v e m a x i m u m
y i e l d o f 1 5 9 . 1 2 g m p e r r e c r u i t . I f t h e l e n g t h
a t f i r s t c a p t u r e i s 3 6 c m , o n e w o u l d r e q u i r e
a f i s h i n g m o r t a l i t y r a t e o f 0 . 7 t o o b t a i n
m a x i m u m y i e l d . T h e h i g h e s t y i e l d w o u l d b e
o b t a i n e d b y U S h l g a l e n g t h a t f i r s t c a p t u r e
o f 3 9 c m a n d a f i s h i n g m o r t a l i t y r a t e e x ·
c e e d i n g 2 . 1 . B u t t h i s w o u l d r e d u c e t h e p r o f i t
m a r g i n t o n o t h i n g . I t i s , t h e r e f o r e , n e c e s s a r y
t o a d j u s t t h e f i s h i n g i n t e n s i t y s o a s t o m a x i ·
m i z e p r o f i t . T h e c o n d i t i o n s n e c e s s a r y f o r
o p t i m u m y i e l d a r e : a l e n g t h a t f i r s t c a p t u r e
o f 3 5 · 3 6 c m a n d a f i s h i n g m o r t a l i t y r a t e o f
0 . 5 · 0 . 6 .
I L E S ( M S ) g i v e s t h e f o l l o w i n g p a r a m e t e r s
f o r t h e s t u n t e d p o p U l a t i o n o f T . n i l a t i e a :
n a t u r a l m o r t a l i t y r a t e ( M ) = 3 . 3 7 , K = 2 . 7 7 ,
L a c = 1 7 e m a n d 1 m = 1 2 c m . T h e l i f e s p a n
o f t h e s t u n t e d T . n i l a t i c a i s a b o u t o n e y e a r
a n d s e x u a l m a t u r i t y i s a t t a i n e d a t a b o u t f o u r
m o n t h s .
T h e y i e l d i s o p l e t h s o f t h e s t u n t e d T . n i l a ·
t i c a a r e g i v e n i n F i g . 3 .
T h e y i e l d i s o p l e t h s i n c o m m o n , l a c k a
s t e e p g r a d i e n t a t l o w f i s h i n g m o r t a l i t y r a t e s .
T h e h i g h e s t y i e l d i s o b t a i n e d i f w e u s e a
l e n g t h a t f i r s t c a p t u r e o f 9 c m a n d a f i s h i n g
m o r t a l i t y r a t e g r e a t e r t h a n 1 . 8 . S i n c e t h e
l e n g t h o f m a t u r i t y i s 1 2 c m , c a t c h i n g f i s h
a t a l e n g t h o f 9 c m " a n d t h e u s e o f a v e r y
h i g h f i s h i n g i n t e n s i t y w o u l d l e a d t o o v e r ·
f i s h i n g a n d f a i l u r e i n r e c r u i t m e n t . B e c a u s e
o f a v e r y h i g h n a t u r a l m o r t a l i t y r a t e , v e r y
f e w f i s h s u r v i v e t o t h e s i z e o f m a t u r i t y . I t i s ,
t h e r e f o r e , u n e c o n o m i c a l t o h a r v e s t f o r t h e
f e w f i s h w h i c h r e a c h m a t u r i t y .
D I S C U S S I O N
A s s e s s i n g t h e s t a t e o f t h e f i s h s t o c k s
p o s e s s p e c i a l c o m p l e x i t i e s . I t i s v e r y u n l i k e l y
t h a t i t w i l l b e p o s s i b l e i n p r a c t i c e t o q u i c k l y
s o l v e t h e p r o b l e m s o f t a x o n o m y a n d c o l l e c t
a l l t h e l i m n o l o g i c a l , b i o l o g i c a l a n d s t a t i s t i c a l
d a t a i d e a l l y d e s i r a b l e f o r a d e t a i l e d e v a l u a ·
t i o n o f t r o p i c a l f i s h s t o c k y i e l d s . I n s t e a d ,
w e m u s t u s e s i m p l e m a t h e m a t i c a l m o d e l s
t h a t r e q u i r e a m i n i m u m o f p a r a m e t e r s f o r
m a k i n g p r e d i c t i o n s . T h e v i t a l p a r a m e t e r s
a r e : t h e g r o w t h r a t e ( K ) , t h e m a x i m u m
l e n g t h ( L a c ) , t h e l e n g t h a t f i r s t m a t u r i t y
( I m ) , n a t u r a l m o r t a l i t y ( M ) a n d t h e t o t a l
m o r t a l i t y ( Z ) .
F i g s . 1 , 2 a n d 3 a r e t h r e e · d i m e n s i o n a l
d i a g r a m s o f t h e y i e l d o f T i l a p i a a t d i f f e r e n t
l e n g t h s o f r e c r u i t m e n t a n d f i s h i n g m o r t a l i t y
r a t e s . T h e r e i s a n o p t i m u m l e n g t h o f c a p t u r e
a t a n y g i v e n f i s h i n g i n t e n s i t y .
T . e s c u l e n t a w i t h a n a t u r a l m o r t a l i t y
r a t e o f 0 . 1 7 , t h e y i e l d i s o p l e t h s h a v e i n
c o m m o n a s t e e p g r a d i e n t o f r e s p o n s e s u r -
f a c e f o r f i s h i n g m o r t a l i t y r a t e s l e s s t h a n
o
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0.3. If the length at first capture is set at
28 cm, a fishing mortality rate greater than
1.0 would be needed to produce maximum
yield. But from the economic theory of fish-
ing, using a fishing mortality rate greater
than 1.0 would reduce the profit margin.
Optimum yield could be obtained by using
a length of first capture of 26 cm and a
fishing mortality rate of 0.5.
The normal population of T. nilotica has
a natural mortality rate of 0.3. The yield
isopleths have a steep gradient for fishing
mortality rates less than 0.3. The highest
yield would be obtained by using a length
at first capture of 39 cm and a fishing
mortality rate greater than 2.1. Note that
if we catch T. nilotica at 39 cm using a
fishing mortality rate of 2.1, the relative yield
obtained is 194.29 gm per recruit. But, with
a length at first capture of 39 cm and a
fishing mortality rate of 0.5, T. nilotica gives
a relative yield of 159.12 gm per recruit.
Thus increasing the fishing mortality rate
four times, the yield increases by a factor
of only 1.2.
The stunted population of T. nilotica has
very high instantaneous natural mortality
rate of 3.37, a growth rate of 2.77 and a
maximum length (Loo) of 17 cm. The yield
isopleths for the stunted population of
T. nilotica are Uflusual. Because of a very
high natural mortality rate. the yield iso-
pleths do not have a steep gradient at low
fishing mortality rates. The areas of maxi-
mum yields are broad and domeshaped.
Fig. 3 shows that for the stunted T. nilotica
maximum yields would be obtained by using
a length of first capture less than 9.0 cm
and a very high fishing intensity. Since the
stunted T. nilotica matures at about 12 cm,
most of the fish caught would be immature.
In these circumstances, it might be better to
allow the fish to have at least one spawning
at 12 cm and then apply a very high fishing
intensity. But with a high fishing intensity
the profits made by the fishermen would be
very small.
SUMMARY
(I) The BEVERTON and HOLT (1957)
yield equation can be used to determine
yields for tropical freshwater fish spe-
cies provided we have estimates of the
natural mortality (M), the growth rate
(K) and the maximum length (L 00).
(2) The age parameters could be approxi-
mated using equation (6).
(3) Because of lack of exact estimates of
annual recruitment and parameters like
the maximum weigh t (W 00) and the
age of recruitment (TRI, the determined
yields have to be in relative units.
(4) T. nc"Tenla which matures at about
22 em and grows to a maximum length
of about 32 cm in Lake Victoria, gives
optimum yield if caught at a length of
first capture of 26 cm and with a fishing
mortality rate of 0.5.
(5) T. nilotica (with normal growth) in Lake
Albert matures at 36 cm and grows to
a maximum length of 49 cm. The yield
isopleths in Fig. 2 show that optimum
yield would be obtained if we harvest
the fish at 36 cm using a fishing morta-
lity rate of 0.5.
(6) It is uneconomical to commercially ex-
ploit the stunted T. nilotica in Buhuku
lagoon, Lake Albert. Maximum yields
can only be obtained if one catches im-
mature fish but this could lead to a
failure in recruitment.
ACKNOWLEDGEMENTS: I wish to express
my thanks to Dr. Peter A. Lukin and to Mr.
1 2 8 G E O R G E W . S S E N T O N G O
R o b i n A l l e n ( o f t h e D e p a r t m e n t o f Z o o l o g y ,
t J n i v e r . . i t y o f B r i t i 5 h C o l u m b i a , C a n a d a ) f o r g i v -
i n g u s e f u l s u g g e s t i o n s .
R E F E R E N C E S
B e v e r t o n , R . J . H . , a n d H o l t , S . J . ( 1 9 5 7 ) . O n t h e
d y n a m i c s o f e x p l o i t e d f i s h p o p u l a t i o n s . F i s h
I n v e s t . L a n d . ( 2 ) 1 9 , 1 5 3 p .
G a r r o d , D . J . ( 1 9 5 9 ) . T h e g r o w t h o f T i l a p i a
e s c u l e n t a l i r a h a m i n L a k e V i c t o r i a . H y d r o -
b i o l o g i a 1 2 : 26~-298.
G a r r o d , D . J . ( 1 9 6 3 ) . A n e s t i m a t i o n o f m o r t a l i t y
r a t e s i n a p o p u l a t i o n o f T i l a p i a e r c u L e n t a
G r a h a m ( P i s c e s C i c h I t d a e ) i n L a k e V i c t o r i a ,
E a s t A f r i c a . I . F i s h R e s . B d . C a n . , 2 0 ( 1 ) :
1 9 5 - 2 2 7 .
I l e s , T . D . ( M S ) . D w a r f i n g o r s t u n t i n g i n t h e
g e n u s T i l a p i a ( c i c h l i d a e ) a p o s s i h l y u n i q u e
r e c r u i t m e n t m e c h a n i s m . I n t e r n a t i o n a l C o u n -
c i l t O T t h e e x p l o r a t i o n o f t h t : S e a , F . A . O .
a n d I C N A F . A S y m p o s i u m o n S t o c k a n d
R e c r u i t m e n t ( i n p r e s s ) .
•
C H E M I C A L ,
E X A M I N A T
B R E A M O N
K O W A T A N A B E
F A D F i s h P r o c e s s ; 1
R e : s e a r r h I n s t i t u t e ,
I N T R O D U C I I O l I
I n 1 9 6 8 . t h e D e l
e r i e > a n d N a t i o n a l
t h e C e n t r a l Fis~
( C F . R . I . ) t o d e v e l ,
s t a n d a r d s f o r l i s !
f u t u r e u s e b y f i s b
F o r t b i s p U r p o f
o f p r e s e n t l y m a r k .
w a s i n d i s p e n s a b l e
e d s t a n d a r d s s b o n !
t o t h e l o c a l c o n d !
A s a l i r s t a l t e n
t h e s e s t a n d a r d s .
r e s u l t s o f c b e m i c a
